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BUIbI KOJTEBAHUI, MYJIbTHCTABUIBHOCTb X BACCENHBI
TIPUTSIKEHUA ATTPAKTOPOB CUMMETPUYHO CBA3AHHBIX
CHCTEM C YABOEHUEM ITEPHOJA

B.Il. Beapyuko, M.JI. Ilpoxopos, E.Il. Cene3res

Henmuuefple KoneOaTeNbHble CHACTEMBI, KaXpnas N3 KOTOPHIX IPH H3MECHCHIH
YIOPAaBISIOUIEr0 MapaMeTpa JEMOHCTPHPYET MEpeXOJ K XaoCy Yepe3 MOoC/IefoBaTCIbHOCTD
6ahpypKanMi yIBOEHWS NEepHMOAa, IIPH HANMYMA CHMMETPUIHOM CBASH JEMOHCTPHDYIOT
pa3AYHble BHIBI B3aHMHOM CHHXpOHm3almd. Hepapxus BO3MOXHBIX BHJIOB KOIeOaHWA
TaKOH CHCTEMBbl paccMarTpuBaeTcss B paloTe Ha IpUMEpe HHUCCHIIATHBHO CBA3aHHBIX
KBaipaTHYHBIX OTOOpakeHu# ¢ UCMONb30BaHHEeM criocoba pasiTHICHHA MVYJILTECTA0MIBHBIX
cocTosiHM 10 ¢hazoBoMy npu3HaKy. TToka3aHbl NyTH SBOMIONKH KOJIeGaTE/ILHBIX COCTOSHAN
M UX 6acceHOB NPUTSDKCHHS B INMPOKOM HANIa30HE H3MEHEHHS IAPAMETPOB HETAHCHMHOCTH
u cBasu. IlonydeHHble peE3YJIRTAThl COMNOCTABJIAIOTCS C pE3yibTaTaMu pH3HYECKOTO
SKCHEPHMEHTa Ha CHCTEMe CBS3aHHBIX IEPUONHUYESCKH BO30YXKJIACMBIX HEJIAHEAHbIX
PE30HATOPOB.

Brenenue

CucTeMa JBYX CHMMETDHYHO CBSI3aHHBIX HICHTUYHBIX OOBECKTOB, KaXpbIH U3
KOTOPBIX IEMOHCTPHPYET IIPH M3MEHEHHH YIPABIISIOWIETO NapaMeTpa Nepexof K Xaocy
yepe3 MOCIEAOBATELHOCT OUQypKarmil yNBOEHHs MNEpHONa, SBJISETCH OJNHMM U3
STAJIOHHBIX OOBLEKTOB HesmmMHeiHoi muHaMuky. Haubonee peTalbHbIC HCCIENOBAaHHA
OBENEHNS TAKHX CHCTEM GBUIN MPOBEJEHBI C TOMOIIBIO MUCKPETHBIX MOJIENIEH B BHJIE
CBSI3AHHBIX OJHOMEPHBIX YHHMOJATLHBIX OTOOPaXeHWH ¢ KBalpaTHIHbIMH MAKCH-
MyMamu. Iloka3aHo, YTO CBSi3aHHbIC HJCHTUYHbIE OTOOpAXEHHs HEMOHCTPUDYIOT
IIMPOKMH HaGOp HEIMHEMHLIX SBJICHHUH, BKIIOYAd MYJLTACTaGUIBHOCTb, CHHXPOHH-
3allMI0, XaoC M THNEpPXaoc, 3aXBaT YacTOThbl, EPEMEXKAEMOCTh, KPU3UCHI XaOTUICCKHUX
aTTPaKTOpPOB. B HUX MOXeT HaAOMOoaTbCcsd TMEPEXOJ K Xaocy Kak yepes
oCJeNOBaTeILHOCTh OudpypKaluii yIBOeHUsI IEPHOa, TaK U 4epe3 paspylleHne Topa
[1-6]. TIpocTpaHCTBO [ApaMETPOB CHCTEMbI HMEET CIIOXHOE YCTPOMCTBO C
CaMONONIOGHOM CTPYKTYpol [7-9], yHEBEPCATBHOCTS KOTOPOH MOXET ObITH OOBSICHEHA C
OMOLIBIO peHOpMrpynmoBoro anamusa [9-12]. Muoroofpasue MyJIbTHCTaOUIBHBIX
COCTOSIHMIT CBS3aHHBIX OTOGpaxkeHu# oueHb BeJKo [12-19]. Pazo6paTbcs B HUX M I TAX
ux (POPMUPOBaHHMs IIOMOTaeT HCClefloBanne *0acCeHOB NPHTSKEHUSA aTTPaKTOPOB
cucteMb! [20-23]. O6HapyXeHHble IpPH WMCCAEAOBAHMA OTOOPAXEHUHU OCOOEHHOCTH
CIIOXKHON TMHAMMKH CBS3aHHBIX CHCTEM XOpOIIO COrJIacyloTCid C pe3yjbTaTaMi
9KCIIEPHMEHTAIBHBIX HCCIEOBAHM Ha Pa3/IMYHbIX CBS3AHHBIX MEXJly COOON pealbHbIX
o6bexTax [3, 13-16, 22-25]. Css3anHble OTOOpaXkeHUs BeChbMa MONYJSIPHBI B CBASH C
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H3y4eHNEM aKTYaJIBHBIX MPOOJEM pa3pyILICHUA XaOTHYECKON CUHXPOHA3ALMY U [IEPEX0OAA OT
CHHXPOHHOT'O XaOTHUECKOI'o NOBEJEeHns K HeCHHXpoHHOMY [26-30]. B nocnepmume rogp! ¢ ux
MOMOIBIO YHAIOCh OOBSCHUTE OMPYpKALMOHHbIE MEXAHU3MBI IMOTEPH YCTOMUYMBOCTH
CHHXPOHHOTO Xa0THYECKOTO PEKAMA, BbISLIBAFOLIKE MY3bIPEHUE aTTPaKTOPOB 1 mz.rpanLIe

Gacceitnbl [31-36). o o
Hecmorpss Ha Oosbiioe KOJIMYECTBO" paGOT IIOCBHIJ.I'E:HHI:IX HCCIIENOBAHUIO

CHCTEMBI JIBYX CHMMETPHYHO CBSI3aHHBIX OTOGpAXEHHH, CPABHATELHO MAJIO BHUMAHHUS
YAEJIEHO M3Y4YEHHUIO, MHOrooOpasusl BapHaHTOB B3aMMHON CHUHXPOHH3alLUH ITOJCHCTEM U
HepapXdd YCTOWYMBBIX BHAOB KoyneGaumii. B panHOM paboTe MbI IOCTapauch
BOCIIOJIHUTL 3TOT npoben, 06001UME pe3yabTaThl HAIIMX NpedbIAyIINX UCCIECKOBaHNN U
NONOJHUB MX HOBBIMH. LlenecooOpasHOCTH ‘TaKOro pacCMOTPEHUS ONPENEHACTCA TEM,
9TO Pa3BETBJICHHOCTh HEpaApXHUECKOM CXeMbl M pasHooOpa3We BapHaHTOB
MYJABTUCTAOUNIBHBIX KOJEOaHHU CTOJIF BEJHKHM, YTO CYLIECTBYIOT JaXe MNOIBITKU HX
CTATHCTHYECKOro omucanus. OTCYTCTBHE NOJIHOM CXeMbl BO3MOXHBIX KOJeOaTelbHbIX
PEXUMOB MNPHUBOAMT HHOIMA K CHOPHBIM BBIBOJAM O 3aKOHOMEPHOCTSAX B
paccMaTpUBaeMoO#l CHUCTEME, TakuM, HalpuMep, KaK BbIOEJICHHE B KayecTBe
YHUBEPCATLHOTO «7-30HOBOTO» BapHAHTa 3BOJIOLMH KONeOaTeNbHBIX DEXHMMOB IIPH
H3MEHEHHHA nmapaMeTpa cBsa3u [37]. 3To roBopuT 06 aKTyaJbHOCTH 3afjaqyd IOgPOGHOro
ONMUCaHMs OOLIed KApTHHBI CIIOXKHOU JUHAMUKH nonynﬂpnoﬁ 9TaJOHHOM CHCTEMbI Ha
OCHOBE OIIpeNic/ICHHBIX IIPUHIUTIIOB.

- B pabore Ha mnpuMmepe [BYX KBaJpaTH4HBIX OTOOpaXKEHUH, CBA3aHHBIX
nuccunatueHo (pasfmen 1), HaMm maHa kiaccuduKalys BAOB KoneGaHuH, B KOTOPOH B
Ka4yeCcTBEe OTANYUTEIILHOIO IPHA3HAKA UCIIOIB3YETCS CABUI (pa3bl KoJieOaHMi IOACUCTEM.
PesynbTaThl HCCHENOBaHUA OONACTEN CYL[ECTBOBAHHS BbIEJICHHBIX pPEXWMOB B
NPOCTPAaHCTBE MApaMeTpOB U INyTe€d KX 3BOJMIOLMM 0pH MalbiX 3HAYEHHSIX
KoachpuumeHTa CBSI3W MPETICTABNICHEI B pasfiene 2. B paspene 3 ommucansl HecHH(a3HbIE
PEKUMBI, cymec'(gymmne B 00JacTH CHIBHOM cBs3d. B pasgene 4 wucciegoBaHbl
OacceMHbl  IPUTSDKEHUS  aTTPAKTOPOB  MEPHOAMYECKAX M XAaOTHYECKHX
MYJIbTHCTAOHUNIBHBIX COCTOSHUI ¥ UX IBOJIIOLMA MPpH U3MEHEHUN TapaMeTpoB. B pa3gene
5 MPOBOUTCS CONMOCTABJIEHNE NOJIYYCHHBIX PE3YJIBTATOB ¢ pe3yabTaTaMu (PU3NYECKOTO
IKCIIEPUMEHTA Ha CHCTEME CBS3aHHBLIX HENIMHEWHBIX pe3oHaTopoB. OO6cyxpueHue
CTENEHH OOIIHOCTH pe3ysibTaTOB ITPOBOTUTCS B pasjieie 6.

1. OO0 BeKT HeCTeXOBaAHUST

Bce MpicnMMbIE BapuaHTbl CHMMETPHUYHOH CBSI3H .MEXY OTOODaXKEHHSAMH C
KBaJIpaTHYHLIMH MaKCHMyMaMH MOryT OBITb TIpefcTaBlieHbl KOMOHHauue#d pByx
OCHOBHBIX BHJIOB: AHCCHIIATHBHOrO u uHepumoHHoro [9, 12]. Hecmorps Ha psp
XapakTEPHBLIX OCOGEHHOCTEN, MPUCYINUX KaXXJIOMy M3 3THX THIIOB CBSI3H, CTENEHL
OGIIHOCTH KoNebaTelbHbIX 3(P(heKTOB B CHCTEMAX ¢ 3THMHM TUIIAMHM CBS3H JJOCTATOYHO

BeJIMKa, YTO INO3BOJET pPACCMOTPETh /MUIL OfWH W3 HUX. B Hamed paGore

UCCTICNIOBAHAE INOBEACHUA CHCTEMbl JBYX CBfA3aHHBIX OTOOpa’KEeHHU NpOBENEHO Ha
NpUMEpe aucCCHNaTHBHOX cBsism. OHa CImoOco6CTBYET BBIDABHUBAHWIO MIHOBEHHbIX

COCTOSHMI IIOACHCTEM, & IIPH PAaBEHCTBE MTHOBEHHBIX COCTOSHHI HE BIAMSAET Ha HX
nMHaMHUKy. Tako#i THN CBS3M BO3HHMKaeT BO MHOTHX  CHCTEMax, HalpuMep, B
PalHOTEXHMYECKAX OOBEKTaX OH pealu3yeTcs ¢ nomombfo ‘pe3sucropa. CucteMa
OTOOPAXXKECHUN C QUCCUIIATUBHON CBA3BIO UMEET cnenyromm?i BULL; '

X, =fx,) + K[f(y,)-Ax)],
yn+l =f(yn) + k[f(x,,)-f(yn)],

(1)
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[me X, y - [MHaMHYeckue nepemennsie; n=0, 1, 2, ... - mackpeTHoe BpeMs; f(x,) uf(y,) -
¢yHKLHH, OMHCHIBAIOIIME MOBEACHUEC H30JMPOBAHHBIX MOHNCHCTEM; k - KoadUIMEHT
cBsi3d. Takoll TUN CBS3M MOXeT ObITh HAr/BIHO MCTOJKOBaH Ha IPUMEPE AMHAMMKH
nonynsait. Ecmu f(x ) u f(y,) MORENMpYIOT, HalpuMep, YHCIEHHOCTb HEKOTOPDLIX
ocofefi B [BYX TIpaHMYalMX IONYyJIAUUsAX, TO B IPOMEXYTKaXx BPEMCHH MEXIY
[epHOlaMH Pa3MHOKEHHS M I'uOenan OCOGM MOTYT MUTPHpOBATh B.0Ge CTOPOHBI, MK -
oM 0cobell, MATPUPOBABIUMX B COCEJHIO MOMyJsAumio. ITapaMeTp CBS3H k MOXKET
usMensghest oT 0 o 1. B 3TOM mHTepBase N3MEHEHNs TapaMeTpa CBs3H (ha30Bbii 06beM
peTepIIEBaeT AOHONHATEILHOE CKaTHEe MO CPaBHEHHIO C TOM BEJIMIUHOM, KOTOPYIO OH
uMel G6GbI B OTCYTCTBHE CBSI3M, YTO JacT OCHOBAaHME HA3bIBaTh TaKylO0 CBA3b
IVCCHIIATUBHOM. ' u :
Hawmn uccnenyercs cucrema (1), B koropoitf(x )=A-x. 2, Ay, )=A-y,*, TO €CTb

xn+1 =M\ - xnz T k(xn?«_ynz),

(2)

yn+1

ByneM paccMaTpuBaTh Cy4ad, KOrja 3Ha4CHHs napameTpa HeJIMHEMHOCTH A B IEPBOX 1
BO BTOPOM IIOJCHCTEMAaX paBHbI. | |

=r-y?+k(y?x?).

2. Knaccuduganus cocTOSIHEH CBA3AHHON CHCTEMBI
M MX IBOJIIOLHS MPH MANbIX k

- 2.1. Knaccuguxayua eudos xosebanuti. B cury Ttoro, uro orobpaxenus (1)
WHBADUAHTHBl OTHOCHUTENBHO  JUCKPETHOM TIpyMbl CHMMETPHM, B  OCHOBY
KnaccupMKaMy KOJNEeGATENbHbIX PEXHMOB YAOOHO NOJIOXWUTE BEIMYMHY BPEMEHHOI'O
CIBHTra MexXay KoieOaHusMu nopcucreM. Od4eBHOHO, YTO B clayvae YHHMOJAIbHOCTH
¢yuxumit Ax ) u f(y,) B npenese HylneBOU CBA3H (k=0) xaxpgemi pexuMm nepuopa N
MOXeT ObITh peanu3oBad N crocobamH, OTIHYAIOMMMUCH CIBUIOM KoJieOaH1i
[ofiIcucTeM BO BpeMeHy Ha Besmunny m=0,1,2,...,N-1. HasoBeM uxX BHfaMu KoyieOaHni U
MCIIONB3YeM B KayecTBe Ga3bl Il ONMHCAHMSI MEPAapXUM KojieOaTesbHBIX PEXHUMOB IpY
BBEICHMH CBS3M, KOI[A B3aUMOMEHCTBUE MOACUCTEM NMPHUBOJUT K Pa3InIHbIM BapHaHTaM
IX B3aAMHOM CHHXpoHH3amwu. g OGO3HAayeHHs MNEPUOTHYECKHX BHIOB OyneM
HCIONL30BaTh 3amich N . B XaoTHYECKHX peXuMax, 0003Ha4aeMbIX N™, HECMOTpS Ha
OTCYTCTBHE  MOBTOPAEMOCTH B - IBIDKEHHAX, MOXHO  COXPaHUTb  THMHIIHMII
KJIaCCHU(PUKAIMY, UCTIONB3YeMbI [T MEPHOIUIECKAX PEKUMOB, €CJIH NMOHUMATh NOT N
yHCIO JIeHT (CBSI3HOCTB) aTTPaKTOPa, a TIOA M - BPEMEHHOM CABUI' MEXJY KONeOaHHAMHU
ONCHCTEM Ha OINpPEAC/ICHHOM JICHTE AaTTpakTopa, HalpHUMED, cofiepxatien
MaKCHUMaNbHble 3HadeHdst ¥ U y . Pexumel ¢ m=0, [ KOTOpPBIX x -y =0, a ¢a30BbIY
MOPTPET pacloNaraeTcsi Ha [MaroHald INIOCKOCTH (X,.y,), SBISAIOTCS CHH(PASHBIMH.
OctaibHble KojeGarenbHble pexumbl ¢ m#) - HecuHpasHble. 3aMETHM, YTO
XaOTHYECKHE PEKUAMBI MOT'YT GBITH HecHH(a3HbIMK (x #y, ) Naxe npyu m=0, HapAMED, B
obnactu ciaaboll cBsizy moncuereM. YToOBl OTIIMYATH TakKHE PEXUMBI OT CUH(A3HBIX,
6yneM HKCIIOL30BaTh AIA MX O0O3HAUYeH!s MHICKC m=N. BO3MOXHOCTb peaii3alyy
TOrO WM MHOTO BHJA KOJNeGAHHMIl ONMpENeNAeTcs BeJMYHHAMU [apaMeTpoB B BEIOOPOM

HayaJIbHBIX YCJIOBUH.

2.2. D8oaoyuoHHas cxema npu masbix k. ECIM BOCNONb30BAThCSH H3BECTHLIM
rpadpUyecKuM MPHEeMOM M H300pa3suTh 00JacTH CYLIECTBOBAHUS W SBOJIOLMH KaXJOTO
13 MYJIbTHCTAaOHUNIBHBIX BUNIOB KonebaHui JexalmMy Ha OTEJbHbIX JIUCTAaX, TO MOXHO
[IOCTPOMTH HAIVISIEYIO MHOTOJMCTHYIO CXeMy objacTedl CyLIECTBOBAHMSA yCTOMUMBBIX
KONeGaTeNbHbIX DEXMMOB Ha IUTOCKOCTH «KO3(pdUIMeHT CBA3d - YNPaBIIAOLIMA
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napamerp». Ha puc. 1 [pefcTaBIcHa
Takas cxXeMa, KadeCTBEHHO OTpaxaromias
OoB/IacTH  CYIIIeCTBOBAaHMA BCEX BHJIOB
xoneGanmit nepuona 1, 2, 4, 8 npH k<0.5.
dazopble NOPTPETHl 3ITHX PEXHMOB N
BO3HUKIIMX Ha HMX OCHOBE XaOTHYECKHX
konebanuit w3006paxKeHbl Ha PHC. 2, a,
gpmsmomeMmcs  cedeHmeM  puc. 1
IIIOCKOCTBIO k=const, IPOJOIKEHHOX B
oGnacTh Oomemmx A, JTa  CXeMa
KA4eCTBEHHO WIUIIOCTPHUPYET 3BOJIIOIUIO
nBIKeHMit B cucreMe (2) ¢ U3MCHCHHEM
mapamMeTpa A IpH craboi (MK CHPOBAHHOM
cBsi3U. PaccMOTpMM JMHAMHKY CBfA3aHHOM
CHCTEMBI, HCIONb3yd ellle omiH, Ooiece
NoApoOHBIA M YAOOHBIA [is 00O3pEHUS
BapMaHT H300paKeHus 3BOTKOLIIOHHOH
cxemsl! (puc. 2, 6) [16]. CrutonHble JTHHAK

Ha 3TON CXEME COOTBETCTBYIOT
Puc. 1. KauecTBeHHass cxeMa YCTPOUCTBA IIpO- yCTOMUMBBIM PEXHMMaM, IITPHXOBBIE -

CTpaHCTBa NAapaMeTpOB HEJUHEAHOCTA M CBi3H " Toux
cuctembi (2), OTpaXaromas OGNAacTH CYIIECTBO- HEYCTONYUBBIM. oukaMy  TIOKa3aHbl

BaHES BCEX BUJIOB KoneGanuii neprona 1, 2, 4, 8 pH OncpypKalMOHHbIE IICPCXONBI. IlosicHIM
k<0.5. OGMacTH KBa3WIIEPHOAUYECKUX KojeOaHmi y3JIOBbIE MOMCHTDI 370l cxeMbl. Ha Hel

0603HaYEHB! Tepe3 O ppienienst Bersu A, B, C, D,

o0 BbeqUHSIONME HEKOTOPhIC T'PYIIbl PEXUMOB. BeTBH HAuMHAIOTCA NEPHONHYCCKHMHU
peXYMaM#, a 3aKaH4YMBAIOTCH XaOTHICCKUMHU. BeTBb A COOTBETCTBYET 3BOJIOLHHU
cunasnplx pexumoB (m=0), orxopsiiue OT Hee BETBU B, C, D - HecuH(a3HbIM
pexumam. Tak, BeTBb B HaUMHACTCS IMKIIOM nepuojia 2 ¥ OOBbENUHACT KoyebaHus ¢
m=21-1, rme =1, 2, 3,..., BeTBb C HaUMHACTCHA [JMKJIOM IIEPHO/a 4 u o6beuHSAEeT BAbI C
 m=2(21-1), BeTBb D - COOTBETCTBEHHO, 8 H m=4(21-1). '
3HaueHUs1 A, NPH KOTOPBIX MPOHCXONAT GudypKalud YABOEHUS CHH(A3HBIX
IMKJIOB B CBA3aHHOM CHCTeMe, TOYHO COBIAlalOT  C COOTBETCTBYIOLIAMHU
61 ypKAMOHHbIMY 3HAYCHUSIMU B M30MPOBAHHBIX noacucreMax. Ha cxemMe B TOYKaX
pa3BOCHHA BETBA A MCXOMHBIM cMH(MA3HLIA LMK TepseT YCTOHIMBOCTD (omuH
MYJILTHIUTMKATOP AOCTHIaeT 3HAUCHUA -1) 1 B ero OKpeCTHOCTH pOXIaeTCsl yCTONYUBbIH
cuHa3Hblil LUKI YHBOEGHHOrO MNEpHONA, MPOMOJLXKAIOMHA  BETBb. [ToTepsBLIMH
YCTONYMBOCTb LMKJI C YBEJIMYEHHEM A €ILE pa3 npeTepieBaeT GudypKauyio yIBOCHHA
nepuofa (BTOpOH MyJBTUIUIMKATOP MOCTHIacT -1) m BO3HMKAaeT HEYCTOMYMBBIH
HecuH(asHpll LUKJI YIBOCHHOIO MNEPHOJa, KOTOpLIi B JaJIbHEHIIEM CTaHOBUTCS
yCTOMUMBLIM. B pesynbrare KaXnbiH cuucasubi uEKa (27), MOPOXAaeT ¢ POCTOM A
napy LeKiIoB: cur(asmbii (2), 1 HeCHHASHbIH (2*1),,. PopaBiimecst TakuM 00pa3oM
HecuH(a3HbIe IHKIBI 2, 4,, 8,,... TOKaTCA B OCHOBY geTBell B, C, D,..., Tie ¢ POCTOM A
o6s3aTeNLHO NpeTepneBaoT OHypKauuioo POXACHHA  TOPA. B pe3yabTare
CMHXDOHM3aLlM¥l [BIDKEHHsi Ha TOpE BO3HUKAIOT CIICMyIOMIHC napbl HEeCHH(Aa3HbIX
1uKJIoB: 4, ¥ 4, Ha BETBH B, 8,u 8, HaC, 16, u 16,, Ha D. TU LHKIBI B CBOIO OUEPEIb
MOpOXJAloT N0 [Ba LHMKJIa aHAJIOTHYHO TOJBLKO HTO paCCMOTPEHHOMY Cly4daio C
ciH(da3HbLIMU LMKNaMH, M TAaK JO KpUTHYCCKHX JHaUeHU A, COOTBETCTBYIOUIHX
'00pa30BaHUIO XaOTHYECKOro aTTPakTopa Ha 6a3e Kaxaorou3 LUKIoB BeTBU. B 0biacTu
Xaoca ¢ POCTOM A 3BOJIIOL[MOHHAs CXéMa BHEIIHE IMOXOXa Hd CXeMy TIEpHMOTHYCCKHX
pexXKuMOB. IIYHKTHpHbIE JIMHHH COOTBETCTBYIOT HENPUTSTUBAIOLAM MHOXECTBaM,
CIUIOIIHBIE - XAOTUYEeCKUM aTTpakTopaM. Touka CIMSAHUS NyHKTAPHON ¥ CIUIONIHOM
JIMHAE COOTBETCTBYET CJIMSHUIO JIEHT aTTpakTropa # C€ro oObeMHEHHIO C paHee
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Puc. 2. a - ATTpakTopbl ccTeMs! (2) Ha miockocTH (x, y ) mpu k=0.006. 6 - Cxema spomrOIpM
KONeBaTeNbHEIX COCTOSHMI CBSI3aHHON CHCTEMBbI ¢ H3MEHEHHEM YNPAaBISIOMEro fapaMeTpa IMpH MajloM

(bUKCHPOBAHHOM KO (PUIAEHTE CBA3M
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HeIIPUTATHBAIOUM MHOXECTBOM, Tak yro B pelyabTaTe (OpMUpYeTcs aTTpakTop,
pKJIIOYarolmi B cebst 06a OTMECUCHHBIC vHOXecTBa. Kaxjas u3 BETBEH C POCTOM A
3aBepIuaeTcs Mapod CTPaHHbIX aTTPAaKTOPOB, HMHJEKCHl KOTOPBIX COBNAfaloT C
MHIEeKCaMH [MKJIOB, BOSHUKAIOIUX B pe3ypTaTc TRIDKeHNA Ha Tope (4 1 4> Ha BeTBH B,
2 p & wma C,.). Ilpy panbHEHIIEM YBEJMUCHIH A HabmopaeTcsd peXuM
[IEpEMEXAEMOCTH Xa0C - XaoC MEXYy aTTpaKTOpaMH Napbl. PeXuM nepeMeKaroleHes
CTOXACTHYHOCTH IIaBHO CMEHSIETCs aTTPakTOpoM (2™, y KOTOPOTO 7 ¥ 1 COBIARAIOT €
MHIEKCAMH UK, ABJISIOMIErocs] HavalloM sTol BeTBH: 2! Ha BeTBH B, 4° Ha BETBU C.....
Bemre OTMETKH (x) COOTBETCTBYIONIMA ATTPaKTOP obbemMHasgeTed C aTTpPaKTOpaMy,
KOTOpbIe 00pa3yioT BETBH, pacIoJioXKEeHHbIE Ha puC. 2, 6 cipaBa.

IIpu HyJI€BOM koadpuuuenTe CBA3U U 3gaYeHUsIX A, MEHbBIINX KPATHIECKOTO,
goneBaHusd UJCHTHYHLIX TIOACUCTEM OMMHAKOBEI W MOTYT 6LITh JIMIIL CHBHHYTHI
OTHOCHTENLHO ApYyr [pyra BO BpEMEHH. Hanuuue KOHEYHOM CBS3d NPUBOAUT K
[IOSBJICHAI0 Pa3iuyMi BO BPCMCHHBIX pealn3alysix MepuOTHICCKUX KojieOaHuN Jaxe
WICHTUYHBIX TOJCHCTEM M K HapyLICHHIO CUMMETPHH LEKIIa OTHOCUTENBHO 3aMCHbI
X<>y. DTO KacaeTcsi BCEX BHJIOB KojneOaunil, KpoMe CHH(A3HBIX (2"), ¥ PONWBLIAXCS
HENOCPECTBEHHO M3 CHH(PA3HBIX - (271),,,. CreneHb pasnuius yBEIHIMBACTCH C POCTOM
cBA34, HO HeE 3aTparusact OnpefeNAIoero NpusHaka - BHd xkonebaHuii -
(bUKCHPOBAHHOTO 3HAYEHHsS BPEMEHHOTO cHBATa MEXMy KoneGaHUsAMU MOJICHCTEM (ecnu
moy 2THM IOHUMATh BPEMEHHOM HHTEPBAT, HanpuMmep, MEXNY MaKCUMyMaMH B
NepHOJMUECKUX pean3aumsix x,, y,). TMKibl, pOTMBLIACCA B pe3yabTaTe CHHXPOHH-
samy prXenus Ha Tope (4,-4;, 8,-8¢; 16,-16,,,...), 06pa3yloT 3ePKaILHO CHMMETpHY-
HbJe Tapbl: 3aMEHa X+»y NEPEBOJUT KX [Py B npyra. PopuBiuuecs 3 HUX HUKJB] TakXKe
06pa3syloT 3€PKalbHO cumMeTprusbie mapsl (29),,-(2%),,.,, TPH yC/IOBHM HEECHTHYHOCTH
nyreit spomouym. Hanpumep, 3¢pkaibHo CHMMETPHYHb! BHIBI 8,-8;, 16,-16,,, 16,-16,5,
pOJMBLIMECS NOCTIE YIBOCHHS repuofa NOTEePSBIIHNX yCTONYMBOCTD LMKJIOB, @ TAKXKC és
8., 16,,-16,, mosBHMBIIAECH HETIOCPEICTBEHHO TOCIIE GuchypKauuy yIABOCHUs NEpHONa
MCXONHOro IKia. Kak BHIHO U3 PHC. 1 u puc. 3, a, HeCUH(A3HBIC BAIBI KoJieOaHuH,
CYLIECTBYIOIME B 0071aCTH MAJION CBSI34, C POCTOM K TEPAIOT yCTONYHUBOCTb.

C yBeJMuYCHWEM A BCC pecuH(pasHble CHMMETPHYHBIC IHMKIIbI N , m=NI2
npeTepneBaioT OuypKaUio POXACHUA Topa (MyIHLTHIUTAKATOpPbI 3THX IMKIOB ¢
yBeJIAYEHNeM MapaMeTpa CTaHOBATCA KOMILTEKCHO-COTIPSKEHHBIMHA H IOCTHTAIOT TV
MOJYJIIO equHUIBbl). B 006nacTH CylIeCTBOBAHMA KBa3UIePHOIHIECKHX BAXKECHHAK
HAGIIONAETCS MHOXECTBO PE30OHAHCHBIX LUKJIOB Hd Tope, AMEIOLIUX YeTHBIN TIEPHON U
xapaKkTepHylo ¢opMy B BHJC KIIOBd. Ha puc. 3, 6 moKa3aHbl o6NacTH [BYX TaKMX
PE30HAHCHBIX LMKIOB C MEPHONIOM 18 3 22. DTH UMKIbl CUMMETPUYHBI OTHOCHTEJIBHO
jaMeHbl X<»y H C W3MEHEHHEM IapaMeTpob IEMOHCTPUPYIOT pPOXJeHHEe TOpa
(BrOopuuHbIi TOp). B 0bnacTy CYILIECTBOBaHMsl BTOPHYHOIO TOpA Tak:Ke HaOJIIORACTCA
MHOKECTBO PE30HAHCHBIX LMKJIOB. BoIeIATh ONpPENSICHHBIC 3aKOHOMEPHOCTH B HX
pepapXui JOCTaTOYHO  CJIOXKHO. OmHako CclaefyeT OTMETHTH CYILIECTBOBAHHE
CHMMETPHYHBIX PE30HAHCHBIX LHKIIOB, KOTOpble C HM3MEHEHHEM INapaMCTpOB ONAThb
eMOHCTPHPYIOT POXKJICHUC TOPA. Takum 06pa3oM, ABUrasiCh 110 CIIOKHOMN TPAEeKTOPHH B
IPOCTPAHCTBE  MAapaMeTpoB MCCAedyeMoil  CHCTeMBI,  MOXHO Ha0OHaTh
[IOCJENOBATEABHOCTD [IEPEXOAI0B: UKL ~ TOP = pe30HAHCHBIA UKL - TOP - pE30HAHCHbIA
UK - TOP.

AcCHMMETpHYHbIE, HO CHMMETPHYHBIE JPYT APYIY IMKJIbI, HANPHMED, 4 u 4,
(saMeHa x<»y OTOGpaxkaeT OfH LHMKI B npyroit), BOHWKAKOT B Pe3ylbTaTe CEMI0-
y3710BO# GrypKaly. TIMHAH CeUIO-y3MOBbIX OnpypKalyi TaKUX HUKIIOR COBHAJIAlOT U
ONMPAIOTCS Ha JIMHAIO POXJCHHA TOpa B rouxe k=0 (cM. puc. 3, a), a peanu3aisi TOrO
WM MHOrO LHUKJIa 3aBHUCHT OT BpIOOpa HAYaJIBHBIX ycaopuil. CTpyKTypa IUIOCKOCTH
napamMeTpoB PUC. 3, a TUIIMIHA [iIst BCCX peTBell HecHH(a3HbIX PEXKHMOB.

52



1 P ERRE TR I Yot o T g wn e T & Pt Tl LT B Tt o BT STt LR RIS T= s a2 mgm nmmers gt 02
[ [E R ok Er & 4 %4 b
e 2 . : R R ey 2o iR
' - e - -l r - el s el i - ey Iﬁlq;::q.:_:'-l:.:.::..‘:l:i
13 % T -+ By 14 ' " T e
- : mam i e 4 3 : . TTILITIAELAAdL LT
- -.* STy ' ! . . hy = '.‘.a..".l.i.rqaq--tr-d-i-inl--l-l
5 T anwl sl _RRIEREE R L NI N L LY LR |
y h e . n > T rrl-l-rl-rlilli-l-li-l—ill
| 4 Lawrsd ot > = | . sl Sl et e W 4 E T PRI FmAT
I ek Tirall s 337 ’ =Ty 2 v T el Biitaiiil
ke b . - H » =7 el Bl ufo b sl o
— -FF -----------------------------
roel ey ; uw 4 !+ i '*--: - g 'I E
' b r i ! i U bt sypasmaysbapsms gl gk rd B
! ﬂlﬂ - = FI#E- ! ol pgeleelelede’  dknd Al T 1 ----------------------
4 » -I-hl-lll[-i-ll Fpdd AR ET IR RN TR LR g e
i . - el . T pe-Rlel- A
.
I -t I it I 4 4 1 - M
b . ol a4 1 = i il 4 = 1 | S sapymsqarc-jhe-grtiy
.y PETS L TRET 1 Ll ; 14 ' 'yl H.h _m' _': Hq.—“.. :::::::::::::::::::
4 ' ' - -
- o i - : -y ﬁ: pn ey s v . . THATIIIEITE
- [
il m-r ""l . LElly b1 ' B iamammgm: g irapRir LAy AL LE.
#llll..llll- T L S IR Iy Lt SR N LY ]
a -l - - - 1 e T T T L L LN I TR L]
] = a f i g J e A, Koot cmrrriEmra bm A
e AR ek P RN R REER R gt T e e TR R TRt L VL AEE LY LR Bl Ll
- Lk s aabmnnm b rnrmmyr e oy et b W R R SRR PR L
- S 3 ' m sy i Y A + LS S g o oy T LR Y L L L L] skt g AR Ty
I e pmbamnliaal; it e B e L S R R, SRR Dy b
. - e damrrmmmmry i o et ik SN =il L s hd toh Heded it il bl i b e
- . i ! - relirgblhak BN L T S S SRR NI, "EEIITRLTYRY AR YRR RS L L L]
T 3 el vl mundsarbmwanfin rprimae SN - ¢ mjuil il oy P T Taridmerngrnns
F. .. ' ke by eele bl . g = PR T R T LNl L el Rkl LR
e Hﬁ e L B T o Tt cttranim-rr il s immios stm s amar mmrmmrarrrs
L A — IITILEIAN Bl seragddapaagyans pear A ar ke
e 2 l N N e il R e e ke A e L LT B e
oL
7 aire g Py e R TI LT  rar B
g T p SRR i - [y B5-BH r U PSP L PRt et R girinan-
- - o e Mot ad ra s bt adgrmmlne s i e d o T M PR DR IR, M L L
. . . [ fumLp
SR B — ] ;I e
N .
|l='_' I cE. " k-
[ L]
" o Bl
- 1 rTum -y
1 4
-
L
- | 1 90 = ‘ £3E50
- ot ! - - -
[
S r
- e -
' [
. i ] il gy
: - r
e N -
gL [ ] [
. poar
. . .," e ®
-:.-I. : . . - . r'mram
- L . . FEL RN
¥ r .
S . .
4 E.. :
'.- [ .
¥ :
A '
LI -
q H
b ) .
L R
P -
. i Lo
PRl Sod
. [ ] ;
. 1 1 ' s
‘ '
3 I
1 H
H
'
, L |
0 8 § l .80
T ote=. - .-
" -
#.__1 y | X 1 T—-—- ; . .
0..0 0.04 0 108 01 l 2 01 1 6 Ol 20 SyEiriiiiiimii b
H a Frapibhl saRAI RgERANLANE Qabrfinby ppdgidfgr bR dL ANgINAgLEFEEE Yy
. mmphak: BamwnddMEIPEPrPinfsf bnm s m kAl b AR g b hdd
’ -
k ' |

Puc. 3. a - O6IacTH CyILECTBOBAHHMS HEeCHH(A3HEIX UWMKIOB BETBH B 9BONIONHMOHHOA CXEMBI HA
IJIOCKOCTH napaMeTpoB (K,A); 6 - o6NacTy CyIeCTBOBaHUA PE3OHAHCHBIX ukJIoB nepuopa 18 n 22

3. HecundasHble peKMMbI IPH CHILHOH CBSA3H

B o6mactu cwibHOll cessw 0.5<k<1 nmcr cuMH(a3HOro BHMAA KoneOaHWH Ha
mwockocty (k,\) mpopomkaeTcs 6e3 KaKux-TM60 0COOEHHOCTEN, @ CXeMa PacIIOIOXKEHUS
IUCTOB HeCUH(A3HBIX BUAOB MOJHOCTHIO CHMMETPUYHA OTHOCUTEIILHO k=0.5 (puc. 4, a).
OnHAaKo, HECMOTPS Ha CAMMETPHIO GMpypKaIMOHHbBIX JIMHWM, HECHH(A3HBIE PEXHUMBI B
OGIACTH CJIaGoll M CUJIBHOM CBSI3H MPUHUUNUAAbHO pasaudnbi. s oOo3HayeHUs
nocneIHrx GyIeM yKa3biBaTh HHIEKCh] pAMCKIMY I¢pamu. Kax ObLIO MOKa3aHo B [18],
B OGJIACTH CWJIBHON CBS3H CYIHECTBYIOT YCTOMYHMBBIC HeCHH(pa3HbIEe LIUKJIbI TIepHoa 1.
Hx cylecTBOBaHME MOXET OBbITh IPOACMOHCTPHPOBAHO CIICAYIOLIMM oOpa3oM: BBEEM
HOBBIE TepeMeHHble U =(x -, )/2, v,=(x,+y,)/2. B 3TuX HOBBIX IEPEMEHHBIX CHCTEMA (2)

3AIMINETCA B CIERYIOIIEM BHJIE:
u . =2(2k-u,yv,
' (3)

— % v2_g2
Vsl = A-v<S-ur’
I uukna nepuopa 1 u, =y =u, v, ,=v,=V, 1 U3 (3) ToNyJaeM

u(1-2(2k-1)v) =0,
(4)

Va+v+ut-a=0. ~

[lepsoe ypapHeHme B (4) umeer mBa peuenusi: u=0 v=1/[2(2k-1)]. Cay4ait u=0
COOTBETCTBYeT CHH(asHOMY peXuMy (x =y ), NpH 3TOM M3 BTOpOro ypaBHCHHA
v, ,=[-12(1+4A)?]/2. [lpyroe pemieHue COOTBETCTBYET HecuHasHoMy pexuMy. ITox-
CTABMB V BO BTOPOE YPaBHEHHE CHCTEMBI (4), IOy UM K, 2=i[l—(4k—1)/(4(2k-1)2)]1’2.
Mg wuccnegoBaHWs LUKJIOB IE€pUOAa 1 Ha yCTOHYMBOCTL HaMjeM MX
MYJILTATUTAKATOPBI KakK COOCTBEHHBIE 3HAYCHUA MaTPHIIbL SIxo6u M oTobpaxenus (3):
- 22k-1)v  2(2k-1)u
M = |.
-2U -2V

O603HAYHB MY/ILTHILTHKATOPHI IEK/IA IEPHORA 1 9epes p, 4, HONy iM
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Puc. 4. g - O6nacTy YyCTOWYHBOCTH IMKJIOB nepuoda 1, 2 # 4 Ha IWIOCKOCTH NapaMeTpoB (k,\) CHCTEMEI
(2). Ons HecundasHpix UUKIOB neprofa 1 ¥ 2 rparuub! o6nacTel MOJYYeHbl B SIBHOM BUE.0, 6 -
aTTpakTopkl nepropa 2 u 1 npuA=0.8 u k=0, k=1, cOOTBETCTBEHHO. 2, O - aTTPAKTOPbI [IEPHONA 4 ripn
A=1.3 u k=0, k=1, cOOTBETCTBEHHO |

oy = 20(k-1) £ 2[R V+u2(1-26) "2 (5)

Mnst cuadasHoro mekma 1y w=0 u p=-2v, u 10)'--------212(2k-1).. TakuM oOpasoM, B
MHTEpBAJE MOJOXHUTENbHBIX A 3HAYCHHE V =[—1-i +4)\)V2]/2 coorBeTCTBYET Bcerja
HEeYCTONYMBOM HENONBIKHON Touke, a v,=[-1+(1+41)'?2]/2 - ycrofrmsoll npu A</s
HeNONBIKHOHA TouKe (062 MYIBTHILTUKATOPA IIPA 3TOM 110 MORYJIIO MEHBIIE EHHHIIbI).
IToncrasnss B (5) 3HAYEHMA V U U, ,, COOTBETCTBYIOLME HECHH(PA3HOMY DEXAMY,
# 0603Hauasi MYJILTHIUIMKATOPbl B TOYKE (V,4;) 4epe3 W, ,q,, & B TOUKE (v,u,) depes

K, 2(1p)° NoJy4ynM

21 = By =_(k-1_)/(2k-—1) +

- (6)
+ ([(k-1)/(2k-1)]2 + 4(k-M(2k-1)2)/(2k-1) }1

To ecTb CylIecTBYIOT jBa HeCHH(A3HBIX, CAMMETPHIHBIX OTHOCUTENIBHO 3aMEHbBI U—>-U
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YCTOHUMBLI B INMPOKOH o6nacTd napameTpoB (cM. puc. 4, a) (rpasmipl oGracTH
ycrounBocTy uukinoB 1, 1, momyuensl B sBHOM Buje U3 (6)). Hampumep, npu k=1
5019 =Hy 21,y =E2(1-M)" ¥ taxaet 1, 1, yerodmsel npu 3/4<A<5/4, TO €CTb NIPA TeX Xe
3HAYEHHSIX A, 4TO H LUKJIBI epuofia 2 B HECBA3aHHOU CHCTEME, - _
CumMmeTpusi OM(ypKAUHMOHHBIX JIMHMHA OTHOCcUTENBHO k=05, TO ecTh
OTHOCHTEJILHO 3aMeHbl k—1-k, Toxke MoXeT ObITh ITONTBEPX/CHA ¢ IIOMOIIbLIO aHaIN3a
MYJIbTHIUIAKATOPOB IMKJIOB. IIponeMOHCTpHpyeM 3TO Ha IpEMepe HeCHH(a3HBIX
ugKIoB nepuona 1 u 2. [ns nukiia nepuopa 2 orobpaxenus (2) Matpuia SIkobm umeer

BAL

2 (k1) 2hy, | [2501) -2, | _
M= e I (7)
- 2kx, -2y, (k-1) - 2kx, 2y(k1)) -

THe X;, X, AY,, ¥, - SIEMEHTHI IUKJIOB B MOJCHCTEMAX X U Y, COOTBETCTBEHHO. Tak Kax

HecHH(a3HbI UMK 2, SBIACTCS CHMMETPHYHBIM, TO ISl HETO X, =Y,, X,=Yy;. C y4eToM
JTOr0 MYJbTHIUIAKATOPbl HECHMH(GA3HOIO0 UMKIa 2, SBIAIOIIKECH COOCTBEHHbIMY

3HaYEHHUAMY MaTpuupl (7), UMEIOT BUN _
= 2k4(x,+y, )* + 4x,y, (1-2k) £ 2k(x,+y ) [ (x,+y, )* + 4xy, (1-2k) ]2,

Boipasus Tenepb 3HaYEeHWs MYJIbTHUIUIMKATOPOB W,,,, TOJIBKO Yepe3 AU K
NOJIyIUM

M1202)

b pay = 2K2(1-2k)% + 4(1-k-M(1-2k)2)/(1-2k) £

+ (2k/(1-2Kk)[(kI(1-2k)) 2 + 4(1-k-M(1-2k)2)/(1-2k) 2.

Bossons (6) B xBapaT 1 0603HaYas MYIBTHIDTHKATOPbI HECUH(A3HBIX IMKIOB 1 u 1

um(zl)()":k) = { |~l2,1 (1110 ()"&1 "k) ]2 *

CreoBaTeNnbHO, €CIH . 2(21)(7x,k)\<1 (HecuH(a3HbIA UK 2, YCTOXYUB NIPH HEKOTOPOM
k), TO Iulmm)_(k,l-k)\‘é':l %Hecm{cpasume IUKJIbI Ieprofia 1 ycroiuussl npu 1-k).

T MPOM3BOJMLHOTO kK HETPYAHO IOKa3aTh, YTO 3aMeHa k—1-k B cucreme (2)
[IPUBOJUT K 3aMeHe X <>y, YTO 3KBUBAJEHTHO CHMMETPHIHOMY OTPaKCHHIO TOUKHU
(x.,» ¥.,) OTHOCHTENIbHO NMHMM x=y. B pesyabrare, €cliM IpH HEKOTOPOM K
CYLIECTBYIOT LMKJIBI Nepuona 2%, n=2,3,..., TO IMKJIbLI ¢ TEM XK€ HNEPHOIOM ¥ THIIOM
CHMMETPHH OVAYT CYILECTBOBAaThL H NpH BenuuuHe CBsA3M 1-k. Pa3oBbie NMOPTPETHI
3epKaIbHO CHMMETPHUHEIX Iap UUKioB (27) -(2")*™" npu KosddumMenTax CBA3M k U
1-k Ka4ecTBEHHO pa3NWYHEI, a HECHMH(pA3HBIX CHMMETPHUYHBIX UUKNOB (2') , - BHELIHE
COBIIAJIAIOT, HO OTIMUYAIOTCS OPSIIKOM CJIEIOBaHHs 3JIeMeHTOB (puc. 4, 6-0).

OTMETHM, YTO BBECHHE CBS3M MEXMY 3JeMEHTaMM IPHBOMUT K IIOABJICHUIO

YCTOMYUBBLIX PEXHMOB, CYIIECTBYIOIIMX IMPH TakKWX 3HA4YCHUAX IapaMETPOB,
NOCTUXKEHHE KOTODPHIX B OTCYTCTBHE CBS3U ObLIO Obl HEBO3MOXHBIM. Hampumep, Kak

BUIHO M3 pHC. 4, a, ycToluMBLIe HeCHH(a3HbIe PeXUMbI Nepuofa 1 1 2 CyllecTBYIOT B
CBA3aHHOM CHCTEME IIpH 3HAYEHWH IapaMeTpa HeJHMHEHHOCTH A, 6onee yeM B 3 pasa
NpeBBIIAIONEM KpuTHYecKOe (A, =2), IIPK KOTOPOM BCE CHH(pa3Hble PEUICHHs YXONST
Ha OecKOHEe4YHOCTh. TakuM 0o0pa3oOM, BBEIEHHE CBS3M MEXY 3JCMCHTaMM HE TOJBKO
oforamjaeT MUHAMMKY CHCTEMBI, HO M MOXET CYLIECTBEHHO DacUIMpHTh 001acTh e
KOHEYHbIX PEIICHUN. | :
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4. BaccelHbI HPATSIKEHAS MYIbTHCTAGAABHBIX COCTOARMNE

PaccMoTpuM 0COBeHHOCTH (hopMEpOBaHEs GaccelHOB Ha HpHMepe Moflen: (2),
NBUTasCh MO CXeMe DHC. 2, @ CHH3Y BEEpX, OT 3HaueHWil A, NpH KOTOPEX B Ga3oBoM
IPOCTPaHCTBE CYUIECTBYET efMHCTBeHHBHI MK mnepumoga 1. Taxk, B npumepe,
NMPEACTABNCHHOM Ha PHC. 5, 4, YCTOMUMBEIM pelleHmeM sBigercd Touka C (igm
mepuona 1), a OaccedHOM ero TPHTSKEHWA - BCSL OONAcTh 3HAYCHHMH Xj, Y
OTpaHMYeHHad IpaMbIMEM mEHEAME [ l=lxl 1y I=ly,l, rme x;, ¥, COOTBETCTBYIOT
HeycTOMUHBOMY peleHuto - Touke B. IIpu k=0 Gacceiin npepcrasiisieT co00M KBaupaT
co croponol a=1+(1+43)12, C ypemyeHneM Ko3pBIMEHTa CBASK OH MOCTENCHHO
neciopmupyeTcs, npuoGperas upu k=0.5 cdopMy xpyra pagmuyca r=2"(1+(1+4%)"?)
(puc. 5, 6). Ecnu mavanbHas Touka (¥,y,) Haxomurcsa BHe Gacceiia, ¢ TEYCHHEM
BpeMeHH pelleHHe «yferaer» Ha GeCKOHEYHOCTb; (HA DHC. 5 W Ha NOCTICRYIOWMX
DHCYHKaX 3Ta OONACTs OTMedeHa IITPHXOBKOi)., Cumcrema (2) HHBapHaHTHA
OTHOCHTELHO 3aMEHBI X,—»-X,, y,—>-Y_, IO3TOMy GacCelHbl MPKTSKEHHA ATTPaKTOPOB
CHMMETPHYHEI OTHOCHTeNBHO ocell x;=0, y,=0, 1 Mbl fganee OyleM NpHBOIHTL HA
PHCYHKAX JIHIITL FPABLIA BePXHWH KBAJIPART IOCKOCTH (X, ¥,)- -

C nogsneHAeM B (Da30BOM NPOCTPAHCTBE BTOPOrO arrpakTopa obxacTh

xﬂ*l"
2|
de
A LAY Xy

¥

' \
v, i
i 1.8/ Yo | |

L~ T
C’A_;l’ -1 ﬂ

. A/g\\ o A.
¥, 41 | -1.8

-1.8

Prc. 5. Baccelin nprTaRerss mHKaa nepuota 1 npr A=0.5, k=0 (a) 7 &=0.5 (6)

KOHEYHBIX pelIeHHd ApobuTcAd Ha OacCeHHbl COCYIUECTBYIOLMX aTTPAKTODOE [23].
ITpuHiEn ApobIcHAs TOSCHIET. PUC. 6, @, NOCTPOCHHEIN, KaK M PHC. J, 4, [UIA cAyyad
k=0, HO IpH 3HAYEHWH NAapaMeTpa h:r)l, rge A, - 3HadeHWe DepBo#t Ouchypkalmn
yIBOEHHA HepHopa. 3aechk muki nepHoma 1 (Touka C) yke mOTEpsl YCTOMUMBOCTD, U B
¢ha30BOM IIPOCTPAHCTEE COCYLISCTBYIOT iBA ATTPAKTOPA - LMKNSE IEPHONa 2: 2, B 2, (oM.
pec. 6, a m puc. 1}. MHOXeCTBO HeycTORMMBLIX TOUEK, BKIIOYAIONee B Ce0A ¥ TOUKY Cc
npooSpaszaMil  BCeX  paHros, (hOPMHPYET TpaHHEBI 0ACCEHHOB  IIPHTAKCHES
COCYWIECTBYIOIEX LHKIOB. OTMeTHM, YTo BOMU3M rpaHuiEl O0NacTH npobsrierocs
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Puc. 6. a - Tpaduk ropbix wrepausht x, ,=Ax ), ¥, ,=f(y,) cncremer (2) u Gacceltns! npaTskesus
Ko 2, 1 2, api A=1.2 u k=0. € - HeycToWuuBay Touka (uukn nepuopa 1 (x)), €', €' - yeTofrmbrie
TOUKH; 0 - YBeNHUEHABIA (PParMeRT pHC.4 BOIN3H TPARHIL! 00NACTH KOHEUHBIX PElICHU;a - GaccelHbl
oprETAXeHu rpy A=1.2 u £=0.08

OacceiiHa MMeeT MecTo (pakTalbHas CTPYKTypa (puc. 6, 6, 8), WLTIOCTpUpPYIOLas
OTCYTCTBHC OrpaHMucHMS Ha [pobiacHue obnacrTeft. YBeaWMYEeHHE CONPOBOXIACTCA
POCTOM YHC/IA COCYLUECTBYIOIIUX PErY/sAPHBIX aTTPakKTOPOR B (0a30BOM HPOCTPaHCTRE,
ITpn sroM rstowans 6acceiia cHHGA3HOrO UMKIA MMOCHE OYEPENHOrO YIBOEHHS MepHona
MepepacnpenensieTcsa MeXNY CRH(Aa3HbIM U CHMMETPHUHLIM HeCHHMA3HbIM NUKIAMK
yUBOGHHOTO nepuopa (Hanpumep, 2,—4,, 4, 4,—8,, 8.}, a Gaccefinbl Hecundasnbix
LIMKJIOB ApOOATCA Ha BacceiHs! 3ePKANbHO-CHMMETPHUHEIX LMKIIOB {HanpuMep, 2—4,,
4,, 4,-+8,, &) Tak, 4TO CTPYKTYpa BONM3H CLIBIIMX IPAHUI] CTAHOBHTCH (PpaKTabHOMN
(puc. 7, 6, @). [pobiesne NpolOJLKAeTCs BINIOTh [i0 KPHTHUECKOPO 3HAYCHHS
napaMeTpa kzlﬁp, COOTBETCTBYXILErO Iepexoqy K xaocy. [lonobHble ONMMCAHHBIM
W3MEHCHUS CTPYKTYDbl JacCeHHOB MNpursikeaws npu k—{ mMeror MecTo H IIpw
IBIDKEHNH IO CXeMe PHC. 2, @ CBEPXY BHH3 OT EOHHCTBEHHOrQ OfHOCBAZHOI'C
XA0THMECKOr0 arTpakTopa K GeCKOHEUHOMY MHOMNECTBY MHOTOCBA3HLIX BOAM3H TOUKH
nepexoga NOPAIoK - Xaoc l:}.KP.

BBegeune CBS3H NO-pasHOMY CKa3dbBaeTCd Ha KOHMUIypauu OacceHHOB
NPHTSOKCHMS  aTTPAKTOPOB, OTIAMYaroLIEXcs Bufom cuMmmeTpud. KpoMme yxe
OTMCULHHOIO HCKPHMBICHUS rpaduly OaccediHOB, HIMCHEHHE & TIPHBOOUT K
NEPEPACcIPeiC)ICHIIO IIIOMANleH OaCCERHOB COCYILECTBYIOMMY ATTPAKTOPOB: TLIOLIAIL
0acceliHOB NpPUTSIKeHHsl HeCHMH(a3HBIX UHKIOB COKPAIfAETCH, a CHHA3HBIX -
yBenuuHpaeTcss 3a MX cuer. IIpw sroM obnacth Bacceilina cuH(pa3HBIX LHKIOB
CTAHOBATCH BbINYKJIbIMH, IIOrIOLAA YacTh: Iowanu OacceiHa HecHHGa3HOro Buja,
rpaHtIlbl KOTOPOIC CTAHOBATCS BOrHYTLIME (pHC. 6, 8).

Bee cnmMeTpuuHble UMkibl (Kpome cHH(p23HbIX), HanpuMep 2, C POCTOM
napaMeTpa JAEMOHCTPHPYIOT OHQYPRALMIO pOXJIeHHd Topa. BaccelH mpuTSKEeHAs
KBazuNepHomuyeckux Konebammit (puc. 7, a) [OAHOCTBIO MNOrNOWaeT OacceiiH
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Puc. 7. BaccefiHkl OpHTSOKEHHA: @ - WHKIOB 4, 4, H KBaSHNCPHOIMAIECKHX KaneGawmi npH A=1.3,
k=0.015; &6 - wuxnoB 4, 4,, 4,, 4, UpH A=1.3, k=0.008; ¢ - nuxnos &, 8,. ..., 8, mpi A=1.38, k=0,001

NPUTSOKEHHS [MKJMa, Ha 0aze KOTOporo OHH COpPMHPOBANMHMCL. 3e€pPKalNbHO-
CHMMETPHUHBIE TTAPLI HKJOB, POXAIOLUIHEC B PE3YIbTaTe CHHXPOHH3ALNHA TBHXKCHHH
Ha TOpe, HanpuMmep 4, u 4,, (polar GacceliH NPHTSKEHUA TOpa TAKHM 00pa3oM, HTO
nnowank GaccefHOB MKJIOB ONMHAKOBA, a caMM DacceiHbl 3€PKaIbHO-CHMMETPHYHDI
(cM. pue. 7, 6). OmnucalHbIA [IYTH 3BOMIOLMH OACCEHHOB NMPUTHXKEHHA PEryIAPHBIX
aTTPaKTOPOB YHUBEPCANCH M pPealidlyeTcsi Ha BceX BETBSX CXeMbl puc. 1 u prc. 2,
COOTBETCTRBYIOIMX e PAOINYECKIM M KBa3HIIEPHONHYECKHM PEXHMaM.

BaccelHb! IPHTSKEHUS XAaO0THUYECKAX aTTPaKTOPOB IBONIOLMOHHMPYIOT Mo Gonee
CIOXKHON cXeMe, 3aBMCSIIeH elie H OT BLUIONHEeHHA YCJIOBUH, CQOPMYNHAPOBAHHLIX B
[38]: oT nomokeHHs HEKOTOPOH KPHTHYMECKOH JHHMM HA IUIOCKOCTM HAYAILHLIX
ycnosrit. Ilogcrum ckazannoe. HMccnemyemas cucrema (2) OTHOCHTCA K K/acey
geoSpaTeMpix orobpaxkenud. Ilpmiem nnockocTk  (x,y} COCTOMT M3 [IBYX
monynnockoctell Z, ¥ Z,,, TOYKH KOTOPBIX, COOTBETCTBEHHO, HMEIOT 4 Npoolpa3a WiH He
UMeroT JeHCTBHTENbHBLIX Mpootpa3os. HanpuMep, Touka A Ha puc. 5, @ HMEET MeThIpe
npoobpasa A, KOOPITHHATHI KOTOPBIX MNONYYAlOTCS B PEIYARTATE IOCTPOCHHHA
oBpaTHLIX Iuarpamy JlaMepes; To ecTh IOCAE NMEPRON MTepamuu cucteMma {2) U3 ITux
tTouek nomanaer B A. B Toxe speMs Touka D He AmeeT npoolpa3os, Tak Kak 00paTHbIE
maarpaMmer JlaMepest He NMONafaroT Ha rpapHkd oTobpakeHud, H, TaKMM 00pa3oM, Ha
INOCKOCTH (X,,y,) HET TAKMX TOYEK, U3 KOTOPBIX CHCTeMa (2) nocne nepeoi Wrepaluu
nonagaeT B Touky D. I'panuuei MeXAy MHOXECTBAMH TakMX TOUEK SBIAETCH JNHHHA,
HasgaHHas B [38] xpurHueckoil. KpUTHUeCKyIO JIHHMIO MOXKHO HA¥TH 9HCAICHHO MEPBO
HTepalyeii MHOXECTBA TOYEK (X,,Y,), IPA KOTOPLIX AKOGHAH 0TOOpaxXeHAS o0pallaeTcs
B 0. s cuctembl (2) xpwruueckas muxust [, (WTpuxoBasi JMAAA B PHC. 8 M DHC. 9)
TpeCcTABIAET coB0it Ba Myva, BBIXONALMR U3 TOUKHA ¢ KOOPMHaTaMa (A,A).

PaccMOTPHM 3BONMIOLMI0 OacCEWHOB MPHTAKEHMS XaOTHYECKMX ATTPAKTOPOB B
JABMCHMOCTH OT MX PpaclOJIOKEHMS OTHOCHTENBHO KpUTHUecko# nuHed. ITpm iz0
IPaHHIB] JIEMEHTOR BacCENHOB MMEIOT BBINYKITYIO HIM BOTHYTYIO dopMmy. s cnyydas
ciaboll CBsI3M XapaKTEPHOE NOAOXEHAE KPHTHUECKON TMHKM N306pakeHo Ha pHc. 8, 4,
6, [OCTPOEHHBLIX JNSA CIydas, KOTAA B HCCREMyeMOH CHCTEME COCYILECTBYIOT UEThIPE
YeTbIPEXCBAZHLIX XAOTHYECKUX aTTpakropa. € H3MCHCHHCM NapaMeTpOB [IBa
aTTpakTopa 42 u 4* oOLeUMHSIOTCS B OHH - 22, COOTBETCTRYIOLWMM 06pa3oM CIHBAIOTCS
u ux Gaccefiusl npuTakenna (puc. 8, 8). Arrpakropbl 4' B 4° noUTH He MEHAIOTCA, HO
BHYTPH [IOYTH BCEX 3IEMEHTOB WX 6acCelHOB MPHTIKEHHS (KpoMe Tex, INE HAXORATCH
TOYKH DpeElLeHndA) o0pasyioTed o3epa, WM Opipet (puc. 8, 6, 2). 3mech H falece Mhl
MCTIONbL3YEM FeorpacthH4eCcKYIo TEPMHHONOTHIO, IpeiaoXenHyo Mupa [38]. Tlospnerue
ITUX o03ep obbAcHdIeTcs GOpMHPOBAHHEM TakK Ha3bIBaeMbIX 3aJIHBOB, TO €CTh
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Puc. 8. @opMaposanne o3cp B OaccelHax NPHTHLKCHHA XAOTHMECKHMX ATTPAKTOPOB duda6-
3=1428 k=0.006; 8, 2 - A=1.4534, k=0.0128; 0, e - A=1.49, i=0.025. Pncymxu cmpaba IpefcTaRIAIOT
cobol yEeuYeHEbIC (PparMedTh] pHCYHKOB ¢lieBa

3aMKHYTRIX 00J1acTel Z,, OrpaHIIeHHLIX CETMCHTOM KPHTHUYECKOW JTHHHU ¥ CErMEHTOM
rpaimipl Gaccelina. IlocneposarenbHbie Mpoolpas3bl TAKHX obnacrell M NPUBOUAT K
HOARIEHHIO 03¢p. Hanuyue HeorpaHHYEHHOTo uMcaa npoodpa3’oB paidiiiyHBIX PAHTOB
UPMBOJMT K HOSBICHHK GECKOHEYHO GONBINOre 4wncka o3ep. [lanbHedinee M3MCHEHKE
NapaMeTPoB NPHBOJUT K TOMY, YTO BHYTPH 03ep (hOPMUPYIOTCS OCTPOBA, KOTAA 03€po
nepecekaeTcs KpWTMJyecKod mnmHued (puc. 8, 0, e). 3areM BHYTDE MOSBUBLIAXCS
OCTpOBOB (hOPMHPYIOTCS HOBEIE 03ePa, HasbIBAeMbIe BIOXEHHBIMM, U TAK JJalEe.

[Mpy panbHEHNIEM W3MEHEHAM MapaMeTpoB A M Kk TIPOHCXORNAT H3MCHEHU,
KOTOpbIC HE VIaeTcs OOLICHHTD C TOMOMIBIO ONHCAHHOTO NHOMXOHA. ATTPaKTop o
OpeTepHeBaeT KPH3UC B Pe3ylAbTaTe CHHAHUS ¢ HEYCTOMYMBLIM IMKIOM Kepuona 1 u
CTAHOBUTCSI HETIPHTATUBAIOLIMM. 2710 CONPOBOXJAETCA  KauyeCTBCHHO  HOBBIM
MIMEHEeHHeM OBNACTH, KOTOPYH 3aHMMan ero Oaccefii Ha TIMOCKOCTH  (X,Y,):
NPOUCXOIUIT e¢ (PpakTanbHoe NpolbicHHe Ha GaccelHbl HPUTAXKESHAS aTTPAKTOPOB 4 n
43 {cm. puc. 9). ITocnenHee NPHUBORUT K TOMY, YTO KPHTHUCCKAS JIMHHA TPOXOJMT 4epes
dbpaKkTanbHOe MHOXKESCTBO, H B PE3YNbTaTe HEBOSMOXHO ONPEJCTUT: XapakTep e
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Puc. 9. BacceRHs1 MPHTAKEHUS XAOTRUIECKUX aTTpakTopoB 4 (aepreih uset) # 42 (6enpt met): a,6 -
A=1.57, k=0,042; 8,2 - A=1.7, k=0.07. PUcYHKH cnpaBa NpeOCTaBNAIOT cofol ypenksertble PparMeHTEl

PHCYHKOR CIieBa

nepecevcHus ¢ sneMentamu OacceiiHob. Ilpu sToM He Habmopmaercs pakTaIH3ALUH
paHee CYIECTBOBABMHX ofNacTell GacceiHOB IpUTSKEHHS arTpakropoR 4 u 4°
CTEIEHEL BIIOXKEHUS O3EP H OCTPOBOB TIOCNTE TAKMX A3MEHEHMI ocTaeTca KOHeYHOo# (puc.
9, 6). Ho npH 3HaueHWAX VIPABASIOMIMX ITapaMeTpoB A H K BbIle HEKOTOPBIX
KPUTHYECKHXR 3HAUYSHKH CTPYKTYpa H 3THX obnacTelt CTaHOBUTCA PpaKTanbHOM: CTEeNeHb
MX BIOXKEHHS CTaHOBUTCH OeckoHeyHow (pmc. 9, 8, 2). OmmcavHbil clieHapki
chpakTammzanuy  GacCefHOB TNPUTAKEHHAA HOCHT YHHBEPCANbHBIM XapakTep H
NpOABNAETCA JVif XAa0THYECKHMX aTTpakTopos Gollee BLICOKOH CBJZHOCTH, HO B (onee
Y3KOM HHTEpPBale 3HaYeHUI NapaMeTpoB.

PaccMOTpeHRBIE OCOOEHHOCTH yeTpodcTBa OacceMHOB M WX 3BONIOIMH C
W3MeHEHHEM NTapaMeTPOB CNpaBefAuBL! N KONebaTeNnbHbIX PEXUMOB, CYIHECTBYIOIHX
B ofnacty 3HaueHuh ¥<0.5. B obractu cuneHod ces3d (A>0.5) ocraeTcsl HEM3MCHHBIM
yCTPORCTRO GaccelfHOB TONLKO CHHpA3HBIX H CHMMETPHUHBIX HECHH(PAIHEIX PEKHMOB,
HecumMeTpuuHbBle peXWMbI NpH CHMLHOH M cna0od CBSI3H HMEKOT KaueCTBEHHO
oTnuMaoimpecs pa3oBeIe {IOPTPETHl UM, COOTBETCTBEHHO, MO-PAa3HOMY YCTPOCHHBIE
Gaccetinp: npuraxkenns. Ha puc. 10, a-z mpepcrabneHsl GacceMHbl PEXHMOB,
CYINECTBYIOLIMX HPY TEX XK€ 3HaUCHMsX MapaMeTpa A, UTO ¥ pexXuMsl Ha puc. 6, a, 7, 6,
g, 8, a, coorBeTcTBeHHO. [Ina HarnamHocTw Ha puc. 10 pemmumua k=1-k , rme k£ -
BeJIMYWHA CBS3M Ha pHC. 0, a, 7, 6, 8, 8, ¢ BaccellHbl 3epKalbHO-CHMMETPHYHEIX
PEXHMOB TIPU CANNLHOHN CBAZH HMEIOT APYLYH) KOHGHUTYPALMIO, B YACTHOCTH, Gaccernbl
pexxumoB 4, 4, 1 4, 4" cocroaT u3 Oonee XpyNHRIX ONOKOB, HE HMEIOLIX
thpakTATLHYK CTPYKTYpY. Ppakrannzanus OacceliHOB NPY CHILHON CBA3K XapaKTepHa
JMILb 7T HECUMMETPHYHBIX pexkaMos N N™, rie N28 (em. prc. 10, g). B pesynprarte
MpY U3IMEHEHKH TapaMeTPOB He HPDHEKDIIHT npofnenue Gaccelinos pexkumos 4, 41 i ne
HaONMIOMAETCH IIOSBJIEHHE 3a/IHBOB, O3¢p H OCTPOBOB. 3JTH 3(PEKThl JIOJKHI
IPOABIATECA N BacceifoB Gonee MEOTOCBA3HbBIX XaO0THYECKHX ATTPAKTOPOB.
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Pirc. 10. Bacceiitnl IpUTOKEHAS: 2 -~ MKyI08 Tepuofa 1 B 2 npud=1.2 n k=1, & - uuxnos 4, 4, 4. 4,
IIPE l:lﬂﬁ k=0.994; g ~ muxnos &, §;, ..., 8, ApH h=1.38, £=0.999: 2 - X20THUCCKHMX ATTPAKTOPOB éllj,
41 41 41V o 2=1.428, k=0,994 |

5. ComocTanlienne ¢ IKCNEPUMEHTOM

Hamu nmpoBefeHo cOTIOCTABICHHE PE3YALTATOB, NONYYCHHBIX NPA HCCNCHOBAHNN
TACKPETHOH cuCTeMBl (2) ¢ pesyiabTaraMy U3HYECKOro SKCIEPUMEHTA Ha CHCTEME
CESI3AHHBIX KONeOaTeNbHRIX OOBEKTOB, NEMOHCTPHPYIOLMX TEpPEeXOof K Xaocy 4epes
Kacka) Oudypkauuii yIBOSHHA NEPHOFA W (PYHKIMOHHUPYROIIMX B HCTPEPLIBHOM
BpeMERH. DKCHEPHMEHTANLHO HCCIEKOBAIICE BO3OYKIAEMBIC HEIHHEHHBIC PCIOHATOPEL
- cBs3aHHble uepes peauctop RLD-lemn, cHHpasHO BO30YXHAEMBIC OMHAKOBBIMH
MEPHOIMUECKUME CHTHaNAMB Yepe3 Pa3BA3EBIBAlOIHC YCHIIHTETH (puc. 11). Aramorom
MapaMeTpa CBA3d Xk B IKCIICPUMEHTE CIIYKUT HPOBOMAMOCTDL PESHCTOPA CBAM K=1/R
(cayuain K—0 coorsercreyer k-0, K—w - ciywaro k-+0.5), a mapaMerpa HenMHEH-
HOCTH A - aMILAKTYAA BHeLiHero BozmedctTsud V. [lns 3ajanust HavaAbHBIX YCTIOBHI
MUONB! ¢ MOMOILBIO 3JEKTPOHHBIX Kmodeil K # K, NoAKII0Yamick K TONOTHUTEIBHEIM
HCTOYHHKAM HATIPAXKEHHd, A 3aTeM Nelh BOCCTAHABIMBAIACE CTOJD BLICTPO, YTOOE! 3a
BpeMa cpa0aThbBaHus KJIIOMA pacnpefelieHue 3apsfoB B [JUONE HC  YCHEJO
PEeNAaKCHPOBATH K PABHOBECHOMY.

CucresMpbl, HaXONAUMecs O] BHEUIHHAM HepHORNYECKHM BO3REHCTBHCM, TakK IKE
KaK ¥ TOYeuHble OTODpaKEHHH, WHBAPHAHTHL] OTHOCHTECNALHO JMCKPSTHOH IDYRITEI
CHMMETpHL, ¥ B OCHOBY KIACCH{(PHKAIUM HX KONeBATEIEHLIX COCTOSIHHE MOXET OBITL
MOAOXEHA BEAUYMHA BPEMEHHOTO CABHTa MEXAy KoNcOaHWsME NONCHCTEM, KparHas
neprofy Bospefcreud. ITonyueHO XOpOLIEE KAYECTBEHHOC COBHAJCHHC DPE3yILTATORB
HATYPHOTO M YHCICHHOIO MccenoBanyil. B 4acTHOCTH, 1A KoJiedaHuii Manoro nepuoja
SKCTIEPUMEHTRILHO ODHAPYXEHBI BCE BUb! JHHAMEYECKUX COCTOSHIHN, UMEIOIIMXCA TP
k<0.5 B cucreme (2), a KOH(HIYpalLMH SKCICPUMEHTANbHO NONyYeHHbIX OnQypKa-
IMOHNEBIX JMRUE B GacceiHOR MPUTAKCHHUSA PAa3NIMUHBIX 1HKJIOB XOPOIIO COrNIacyroTes C
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YHCNICHHBIME  pacderamu. Ha puc. 12
[IPUBEHEHBI IBYMCPHBIC MPOCK LKA
facceHHOB IPATSIKEHNIS UKIOR NIepHoa 2
M 4 3KCIOePHMEHTANLHON cHcTeMbl. B
OTJIHYHE OT MogenH (2}, HcclefoBaHHas
4acTk IUIOCKOCTH  (X,,y,) OrpasirdeHa
MpefieTaMH, BBIXOH 34 KOTOpPHIE TPO3MT
paspylieHHeM [IoNa M3-33 TEINOBOI
HEYCTOMUMBOCTH. B orcyrcTeme cbs3n
(K=0) osnemenrn: 6accelHOB MMEIOT
NpSIMOYTONbHYIO hopmy (prc. 12, @), Tax
YTO KapTHHA HaNOMHHAET IAXMAaTHYIO
Vsinof JOCKY ¢ pasHOBCIMKHMH  KIEeTKAMH.

YBeNUUeHMe CBH3H, Kak M B MOJEJH,
Puc. 11. Cxema skcIepHMEHTANBHOA YCTAHOBKH.

HHpHBIM BRITETSHLS Pe3CHEATODE], COCTABISIONYE CONPOBOANACTCH paCUIHpEHUEM faccenHa
CHCTEMY, R‘c - PE3HCTOp CBHA3H, K-l.-r K2 - EHHdJﬂBHﬂFU BHAA 33 CUCT HﬂEHHqJHBHGFD
WIECKTPOHHLIE KIFOWH, HeoSxomumule Wik samanms (pue. 12, 6). Tlosmienme B hazorom

HAANIEHEIX YCROBHH [IPOCTPAHCTBE HOTOJHNTENBHBIX [HKJIOB
IpH H3MCHCHHH NAapAMETPOB NPHBOAUT K APOOICHHIO BCEX 3NEMEHTOB CYIHECTBOBABLINX
paHee 0acCeMHOB B COOTBETCTBUM ¢ ONHCAHHBIMM IUISI CHCTEMEI (2) 3aKOHOMEPHOCTIMH
(puc. 12, ¢). BOmusn rpasuuel, pasgensomei Gaccelns] MPHTSKEAUS CHMMETPUYHbIX
4y 4, ¥ HECHMMETPHYHRLIX 4,, 4, IUKNOB, HaOMIONAETCA TOCAEIOBATEILHOE YMEHBUICHNE
HICMCHTOB, OFHAKO, YCTAHOBUTE MX CAMONONOOHE B KCHEPHMEHTE He NPENCTaBIAROCE
BOSMOXKHBIM  HU3-38 TEeXHHUGCKMX OrpadMMeHHd Ha Macmral paspeleHHEs o
HecTabumpHocTed. Iloaromy rpammita Mexpy OaccelfHaMM 3THX IUKJIOB HA PHUCYHKE
OTMEYEHa >KHPHOH JIMHMEH, & MOTpaHH4Hble OGNACTH INPOCTO 3AlITPHXOBAHBL
HabmropacMas B 3KcnepHMeHTe acHMMETPHS B CTPYKTYPE OGacceilHop IPHTAKECHUS
OTHOCHTETRHO NPAMON X,=Y,, CBE3aHA ¢ HEUAEHTHYHOCTBIO PEANbHBIX IIOICHCTEM.

Ha puc. 13 npuBefieHB! pesyianTaThl 3KCIEPHMEHTAJbHBIX NCCACHOBAHMN
DaCCEHHOB INPUTAKEHUA YETHIPEXCBA3HBIX XAOTHYECKHX ATTPaKTOpPOB. Ilpu cnaboit
CBA3H CTPYKTYpa 21ux GaccerHos (puc. 13, a) xavuecTBEHHO COOTBETCTRYET pHC. 8, 4,
KUPDHOH JIMHHEH o003HAa4YeHa TpaHHla, PA3esBuolas HacceilHL] IPUTAKEHHS TIap
AITTPAKTOPOB, B OKPECTHOCTH KOTOPOH HMEET MECTO HakOILTeHHe obmacTed (Ha puc. 13
DTMEYEHO  HFTPHXOBKOM). IIpH COBMECTHOM W3MEHEHHH [apaMeTpa BHEIUHEro
SOIAEHCTBUA M CBASH B CTPYKTYpe OGacCeWHOB NPHTKEHHS 3IKCHEDHMEHTANLHOM
ACTCMBI HAaOJIONAXOTCS M3MCHEHHS!, OTIUCAHHBIE BBINIE JJIA CHCTEMBI (2). ATTpPaKTOpLI
¥ n 4% cruBaroTcs, 06pasys aTTpakTop 22. A BHYTPH oGiacTell 6accefHOB MPHTAXEHNS
ITTPakTOpoB 4! u 4% ¢ msMeHemneM napameTpoB ofpasyloTcs osepa (puc. 13, 6).

Yo, B Yo.B
6.0- o0
4.0 401
20- 2.0
s, (1 (] , 0.0
0.0 20 40 6.0 80X B 0.0 20 40 60 80x. B 00 20 40 6.0 80 %.B
a o d

Puc. 12. BacceHHEI NPATSKSHNS MKIIOB Nepuopa 2 U 4 JKCTIEPHMERTAABHOR CHCTEMEL HA TIMOCKOCTH
(xn, Yot a-K=0:6, 8- K#)
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Puc. 13. BacceliHbI IPUTAXESHHS XAOTHUCCKUX aTTPaKTOPOB 3KCNEPUMERTANLHOM cucTeMbLa - V=1 B,

K=0.002 MCn: 6 - V=179 B, X=0.025 MCwM
HanbHellllce M3MEHEHHE NMapaMeTPOB NPHBOIUT K TOMY, YTO B pe3yNbTaTe KPH3IHCA
ATTPAKTOP 2° CTAHOBATCH HENPUTSIMBAIOWMM M HCYe3aeT. IIpM 9TOM ero Gaccefi
MPUTRIKCHUS APOOUTCS CAOKHBIM 08pa3oM Ha OacceltHbl NPUTAXEHUS aTTPakTopos 4 ¢
43. MOXHO NPENIONOXUTE, 4TO B JJAHHOM Clyyae, KaK ¥ [T CHCTEMBI (2} (cMm. prc. 9),
thopMiipyeTest dpakTanbHas HIH pakTanonogoGHAS CTPYKTypa, HO NOCTPOMTH €e B
JKCHEPHUMEHTEC HE TIPEICTABNAETCA BO3MOXHBLIM. ONOCPeHOBAaHHC O HaJHYyHH
PaKTATLHON CTPYKTYPhI CBHRETEILCTBYET BHMA NEPEXOIHOro Npolecca W BIMSHWE Ha
HETO €CTECTBEHHLIX (UIYKTYallu# 3KCHEPHMEHTANBLHON CHCTEME] - YCTAHOBICHHUE TOTO
HJTH HHOT'O peXHMa CTAHOBHTCH HENIPEACKA3YEMBIM,

6. O6cyxpenue

IlokazaHo, YTO B NpOCTPaHCTBE MApaMETPOB CHCTEMbI {2) uMmeeTcda Gonmlioe
KONMYECTBO  MYIBLTHCTAOWIBHBIX  COCTOSHMH, OacceMHb! NPHTIXEHHS KOTOPbIX
YCTPOCHBI [OCTATOYHO CHOXHMBIM  00pa3oM. YCTaHOBJIEHHE TOTC HIW  HHOrO
K0;1¢0aTeNLHOTO PEXMMA ONPENENACTCH KAK 3HAUSHHEM [ApaMeTpoB (4TO OTPAXKEHO
NPelCTaBICHHBIME CXEMAaMU)}, TaK W HAYAIbLHBIMHM yCioBUaMH. COOTBETCTBEHHO CMEHa
PEXHUMOB TPH H3MEHEHMM KaKOro-TO OHOI'O fapaMeTpa ONpelelseTcs HAYANLHOM
TOYKOH B (pa30BOM IIPDOCTPAaHCTBE, a TakKXe BJBOMIOUMEH rpaHMl] OacceliHOB
NPUTAXKEHHS.

And EAmoCTpauuy AONE3HOCTH PasBHTBLIX IPERCTABICHMI PACCMOTPHM MPHMED,
CBA33aHHbIA C pellleHHeM 3afiaul CHHXPOHM3ALMA HENHHEHHBIX CHCTEM M YIPOUICHHS W
PETYMSIDH3AIMH WX [UHAMHKH ¢ HOMOINBIO BBEICHUS COOTBETCTBYIOILLEHW CBHSH.
Omnupasgchk Ha CXEMY PeXFMMOB, MOXHO, HANMDHMEP, VTBEPXKEATh, UTO OOBLABACHHOE B
[37] ynaBepcanbHEIM CBORCTBOM CYIUECTBOBAHHE B CUCTEME CBA3AHHBIX OTOOPANEHI C
oTpHllaTenbHON KpuBH3KHON IlIBapimana Tax HasbBaeMoll 7-30HOBON IHHAMMKH
(IOCNENOBATENBHOCTH PEXHMOB: CIIOXKHOE TOBEJIEHHE - TIEPHOIHUECKOE - XAOTHUECKOE
RECHH(AZROE - XAOTHYECKOE CHH(PAZHOE - XAOTHUSCKOe HECHHDAIHOE - IEPHOTHYECKOE
- CJIOXHOE) TIPH W3MeHeHuy napaMeTpa k ot 0 fo 1 TakoBbIM He apaseted. KonuyecTro
30H, HCTIONLIYEMBIX A KITACCHDUKAIMY FUHaMIKH CBSI3aHHBIX CHCTEM [IPH HIMEHEHUHN
napaMeTpa cBs3H, OYHET 3aBHCEeTh OT 3HAYCHWI JIPYTHX [MapaMeTpoB M OT cnocoba
3alaHUS HAYalbHbIX YCNIOBKH. UHCIO 30H, B YacTHOCTH, MOXKeT GbITk paBho 5, 7, 9, 11.
Ha puc. 14 moxkaszaHbl 3aBHCHMMOCTH aMIIMTYOL] PasHOCTHOTO CHCHANA OT BeIHYHHbI
Koahpuimenta cBa3u. 3oHBEl 1 w 9 Ba puc. 14, @ COOTRETCTBYIOT CIOXKHOMY
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3onbl 1234 5 6 789

- W LE | | 1L 1

2.0

1.0

0.0

00 02 04 06 08  k

g 00 0.2 04 06 0.8 k

Puc. 14. g ~ NeBATAOHOBAs JHHAMEKaE ccTembl (2) mpEh = 1.42, (x,, y,)=(0, 1); 6 - maTusoHOBAS

muHaMuRa npu h = 1.74, (%), ¥,)=(0, 1). [lnst xaxqoro suatenuat somogared 1000 suavenuss & - y)

nocie npopefeHud S0000 wrepamt
(MperMy1LLeCTBEHHO XaOTHYECKOMY) IOBEACHHIO, 30Hb 2, 4 1 8, & - obnacTh neprojy-
YyecKHX KOAeOaHuil, 30HbBI 3 U 7 - OONACTH CAOXHOrO (KBasHMIIEpHONWYECKOTo) IOBE-
JIGHHs] 0, HaKOHEL, 30HAa 5 - o0NacTh cHH(pa3Horo xaoca. Ha puc. 14,6 30861 1 1 5 - 310
OONMAcTH CHCKHOTO TIOBEICHHS, 30HKI 2 H 4 COOTBETCTBYIOT IEPHOIHYECKUM
KoneBamusM, 30Ha 3 - obnacThk cuH(azHOre xaoca. O0paTHM BHHMaH#AE, 4YTO IpH
BLIOPAHHBIX HAYAILHLIX YCTOBMAX W 3HAUEHHWSIX A OTCYICTBYIOT 30HBI XaOTHUYECKHX
HecuHaHbx meikeHEi. [lpn 3aMeHe x, <>y, 3aBucHMOCTH Ha puc. 14 orolpassrcs
orgocuTebHe  JmEME  (x-y)=0. [IIpescrasicHue © B3aHMHOM PAaCIONOXKEHHY
COCYIIECTBYIOIIHX &TTPAKTOPOE H KX 3BOMIOMME ¢ H3MCHEHNEM NIapaMeTpoB TMO3BONAET
TaKKE 3AKIIOUATS, YTO THNTIHLIA NPU TOCTATOYHO ¢A00H CRA3H KBAZHIIEPHONMYECKUI
cleHapull Nepexofa K Xaocy B CHCTEMe CEAMMETPHYHC CBA3AHHBIX oTobpaxerudt [6]
OTCYTCTBYET yXKe NPH CPABHITEILHO HEOOIBIIUK 3HAYSHMIX K. |

[TonyJyeRrHble PE3YILTATE] ABIAIOTCSA OOIMMY VIS TMPOKOrO KJIacca CHCTEM BHJIA
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(1) npu ycROBHM MACHTHYHOCTH YHEMORANEHLIX ¢byexumit f(x) B8 fiy,). B cnyuae
MyRbTEMORaNbHOCTH pyHkumiE f(x )} | f(y ) passHoobpasie KONOATENBHEIX COCTOAHNHN
cicreMpl (1) crasoBrrea enle SoapimM, KoneGanns mocucteM MOrYT OBITE Pasiriskl
JaXe MpU HYJeBOHA CBI3M, HANPHMED, eCNH HM30AMpOBAHHLIC 3IEMEHTHI OOMafaloT
GUCTAGHIBHOCTRE) M HX HAYANBHBIE YCTOBHS BhIGpaHbI B GacCEWHAX NMPUTLKCHHA
PANMYHBbIX aTTPakTopoB. B pesynbrare B cxeme, H300paKeHHON HA PHC. 1, mosmarcs
TOTOMHHTENLHbIE . JHeThl. TTonpoGHoe HCCIenoBaHMe OCOOCSHHOCTEH, HAKMABIBACMbBIX
MYJ1bTHCTAOKIEHOCTBIO TOKANMbHBIX OTo0pakeHn, TPOBEACHO HAMHU B pabore |25] (cmM.
rakxe [39]).

Xopollee Ka4eCTBEHHOE COBNAJEHNE PE3YILTATOB [HCKPETHOTO MONCHHPOBAHI
1 PU3MYECKOTO IKCIIEPHMEATA TOBOPUT 06 OGIHOCTH NPEACTABICHRON CXEMbI PEXHMOB
TUCCHIIATHBHO CBS3aHAON CHCTeMBE. ILXOTOTBOPHOCTE HCHOIB30BAHHON KNAacCUPRKAIIAY
BHJIOB TIONTBEPXKRACTCA PACCMOTPEHHEM B 3KCHCPHMCHTE CBASAHHBIX CHCTEM C
VIBOSHMEM [IEPHOIA HPHA APYIHUX BHAAX CBS3M WAK YCIOBHAX BO30YXICHNS {40, 41], npr
JTOM  COXpaHseTcss BHYTpEeHHAA CTPYKTypa JHMCTOB Ha Tockoctd  (k,A)
(mocnegoBaTeNLHOCTL Gubypkaunli Ga30BbIX IMKIOB), 4 Pa3Mephl, KOHQUIYpanud
NHCTOB M IX B33IMHOE PACTIONIOXKEHHE OTIPENCISOTCS BHIOM CRASKU.

PaGoma ewinoanera APl noddepxcke Poccutickoo ¢honda @yHOAMEHMANLHBIX
uccaedosanuil, parim Ne 02-02-17578, zocxornmparxma Ne 40.020.1.1.1168 Munnpom-
nayxu PO uw CRDF, REC-006.
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